Introduction
Cleft lip and palate (CLP) is a common congenital deformity, with an incidence rate of approximately 1-2%. Three-dimensional (3D) deficiencies in maxillary growth have often been observed in individuals with CLP, especially those with unilateral cleft lip and palate (UCLP). It has been reported that UCLP patients who underwent surgery exhibited reduced cranial base length, shorter maxillary length, more retrognathic maxilla, and more lingually inclined maxillary and mandibular incisors (1) .
Asymmetry greatly influences the visual perception of faces and the appearance of UCLP individuals. This asymmetry in UCLP individuals is a result of numerous etiological factors. It has been suggested that (2) the nasal septal cartilage plays an important role in pushing the premaxillary segment forward, and the clefts result in reduced protraction of the maxilla. Varying degrees of pressure from muscles such as the buccinators and surgical repair of the lip and palate (3) are other factors that may contribute to asymmetry.
Before the development of 3D analysis, skeletal asymmetry in CLP individuals was evaluated using posteroanterior (PA) cephalograms and panoramic radiographs. The overlap of structures made it difficult to evaluate deeper structures and the occlusal relationship. PA cephalograms focused on the area around the nose. Moreover, panoramic radiographs were mainly used to analyze asymmetry of the mandible as the maxilla was often distorted. Several studies have shown that nasal asymmetry in UCLP individuals differs from that of noncleft subjects, and the mandible exhibits a growth pattern that is parallel to the maxilla (4, 5) .
The CBCT has now become an important tool for analysis of hard tissues. It is well suited for imaging of the craniofacial area and uses low radiation doses to provide clinicians with sub-millimeter spatial resolution images of high diagnostic quality. However, CBCT images can also result in low-level metal artifacts, particularly in secondary reconstructions designed for viewing the teeth and jaws. This technique has been applied to implant planning, surgical assessment of pathology, and assessment of growth and development (6) . However, there are very few reports focusing on the use of CBCT for measurement of skeletal asymmetry in UCLP cases. Therefore, our study aims to simultaneously examine facial asymmetry 2-and 3-dimensionally in patients with UCLP using CBCT. Moreover, we also explore the factors that cause lower facial asymmetry in individuals with UCLP.
Materials and Methods

Subjects
This retrospective study was performed under the approval of the Institutional Review Board (IRB) of Shanghai Ninth People's Hospital (No.97, 2015) and included patients visiting the hospital between September 2012 and June 2014. A multidisciplinary team was necessary to ensure that every aspect of the child's care was taken care of. Alveolar bone grafting was performed during, before, or immediately after the eruption of the permanent canines. All patients included in this study were treated sequentially by our multidisciplinary team and referred to orthodontists before completion of the alveolar bone graft. The inclusion criteria for the experimental group were: 1) mixed dentition or primary permanent dentition, CVM2-4 (7), 2) lip repair completed between 6-12 months of age and palate repair between 12-18 months of age without alveolar bone graft, 3) no history of orthodontic or orthopedic treatments, and 4) UCLP cases with no history of syndromes or other diseases.
The control group comprised of patients without facial cleft defects, who were visiting the Orthodontic Department at Shanghai No. 9 Hospital for supernumerary teeth, insufficient bone in the anterior region etc. The inclusion criteria for the control group were: 1) mixed dentition or primary permanent dentition, 2) Angle Class I skeletal relationship (0 < ANB < 5), 3) no obvious asymmetry of the face and occlusal plane, 4) crowding of upper and lower arch <1°, 5) no history of orthodontic or orthopedic treatments, and 6) no congenital diseases or syndromes.
Data acquisition
Prior to orthodontic treatment, CBCT scans (NewTom VG, BIOLASE, Inc., Verona, Italy) were carried out with the subject in an upright position for maximum intercuspation. The Frankfurt horizontal (FH) plane was parallel to the floor. The maxillofacial regions were scanned in 0.25mm slices with a field of 20 × 25 cm 2 by the same operator using the following settings: 5.0 mA and 220 V AC for 18 s. The CBCT datasets were exported in Digital Imaging and Communications in Medicine (DICOM) format and imported into the Mimics 10.01 (Materialise Dental, Leuven, Belgium). Under the same conditions, the landmarks described in Table 1 were located 2-and 3-dimensionally. The reference planes are shown in Table  2 and Fig. 1 . Linear and angle measurements ( were recorded twice at an interval of 2 weeks. Figure 2 shows the main landmarks in the 3D reconstruction. The asymmetry indices (AI), proposed by Habets et al. (8) , were defined as the differences between the cleft and non-cleft sides (or right and left side). For bilateral landmarks, the asymmetry indices were calculated using the following formula:
AI (%) = | (R − L) / (R + L) |*100 R = paired right / non-cleft measurements L = paired left / cleft measurements AI', similar to AI, was calculated using the following formula and then used in the multiple linear regression analysis in the UCLP group.
Statistical analysis
To assess the intra-observer variability and reproducibility, the measurements were checked twice with an interval of 14 days using the intra-class correlation coefficient (ICC). A group t-test was used to compare AI values of the two groups. The level of significance was set at P < 0.05. Multiple linear regression was carried out to analyze the factors contributing to the deviation of Pog, using AI' of the paired index. SPSS version 17.0 for Windows (IBM Co., Armonk, NY, USA) was used for statistical analysis.
Results
The study group was comprised of 21 (13 boys, 8 girls) UCLP individuals aged between 7 and 13 years, while the control group included 14 (6 boys, 8 girls) individuals aged between 8-13 years. The intra-observer agreement for the measurements was excellent, with the intra-class correlation coefficient (ICC) being greater than 0.9 (95% confidence interval), except for the value of JL to Sagittal plane which was 0.779. Table 4 shows the comparison of AI values between the two groups. The AI of NL/R to Coronal2 plane, NL/R to LS plane, and GoL(R) to Me exhibited significant differences (P < 0.05). The deviation of Pog in both groups is shown in Table  5 . The value of Pog to Sagittal plane in the UCLP group was −1.24 ± 2.28 mm, which was significantly smaller than the 0.71 ± 2.28 mm in the control group.
AI' was used in the multiple linear regression as the deviation of Pog had directivity. The results of this analysis are shown in Table 6 . The deviation of Pog was related to B6L(R) to Sagittal plane, CdL(R) to Sagittal plane, and U6L(R) to LS plane. (5,9). However, two-dimensional measurements are influenced by several human factors such as the patient's head and ear needle positioning. Additionally, distortion of images and difficulty in identification and location of landmarks also affects the reproducibility.
CBCT imaging is considered to provide more accurate information regarding the characteristics of asymmetry than conventional PA cephalograms (10) . Published reports indicate that the effective dose of radiation is significantly reduced by up to 98% compared to "conventional" fan-beam CT systems, being close to that of a film-based periapical survey of the dentition or 4-15 times that of a single panoramic radiograph (6) . Therefore, a CBCT scan should be considered when the indications are appropriate
Although there are several methods to construct cephalometric planes in the 3D analysis, there is no consensus regarding the best or most accurate plane to describe craniofacial asymmetry. Kwon et al. (11) concluded that the cranial base structures were not dominant factors in explaining the degree of facial asymmetry. Provided the internal structures of the skull are not relevant for visual symmetry perception, this result suggests that the cranial base may be used as a reference to determine the midsagittal plane for mild or moderate craniofacial asymmetries. Kyrkanides' study (9) showed that individuals with UCLP exhibited cranial base asymmetries that did not significantly differ from individuals without clefts, so we could choose remarks of cranial base to make up reference planes in our research.
Most cephalometric 3D analyses rely on midsagittal planes based on midline structures (9,11-14). Damstra's study (15) reported two planes that were the most accurate clinically in resembling the morphometric values, as follows: one passing through the S (Sella) and N (Nasion) and the other through the superior point of the Cg (Crista galli) and midpoint between the two anterior clinoid processes, both constructed as perpendiculars to the FH plane. Our study used the latter plane as it was easier to identify precisely in Mimics.
The plane passing through the lateral semicircular canals (LS) was analyzed by Pelo et al. (16) . The semicircular canals have the function of controlling the body's balance. The results of this study indicated that the resulting LS plane was steady, reproducible, detectable, closer to the patient's anatomy, and represented a valid reference in individuals with severe asymmetry. We chose the lateral semicircular canals to construct the horizon reference line as the external auditory meatus sometimes exceeds the scanning range in CBCT images and is hard to identify.
Based on these methods, we concluded that only the area around the nasal chamber and length of the mandibular body showed asymmetry. Individuals of the UCLP group had chin deviation to the cleft side, B6L(R) to the Sagittal plane, CdL(R) to the Sagittal plane, and U6L(R) to LS plane correlated to the horizon asymmetry of the mandible.
Suri and Li carried out computed tomography in UCLP individuals (17, 18) . They used spiral CT and set landmarks on slices to compare the asymmetry of the cleft and non-cleft sides. The primary results indicated that most asymmetries and deformities in individuals with repaired complete unilateral CLP were in the dentoalveolar area near the cleft and the nasal chamber. Choi's study (19) used established reference lines and grid planes to evaluate mid-facial hard and soft tissue asymmetries, particularly the sagittal position of surfaces. No distinctive asymmetries existed between the affected and unaffected sides in individuals with non-syndromic UCLP. Similarly, we concluded that significant differences between the affected and unaffected sides were present only around the cleft and the nasal chamber, and not in the deeper regions of the maxillary complex.
The pyriform aperture is formed by the nasal bone (superior), the frontal process of the maxilla (lateral), and the palatine process of the maxilla (inferior). In our study, the lateral border of the pyriform aperture showed asymmetry in the vertical and sagittal plane. The clinical manifestation of it was an alar collapse, and the major cause of this may have been the lack of bone in this area. The two groups did not exhibit significant differences in NL/R to sagittal, consistent with Li's study (18) , suggesting that deformity of the nose was caused by a three-dimensional deficiency of bone.
Although Choi three-dimensionally compared the asymmetries on the cleft and non-cleft sides by CBCT analysis, they mainly concentrated on measuring superficial mid-facial asymmetry in UCLP individuals. In contrast, our study focused more on occlusion and 3-dimensional asymmetry and the concerned deep hard tissues. The method in our analysis was developed by selecting stable planes and points that had been identified in former studies. The maxillofacial regions were scanned in 0.25 mm slices, allowing us to locate the points more accurately with low dose radiation. More-over, the chronologic and skeletal age was strictly limited in our study, making the results credible.
Factors that may have affected the results include the tools used, reference planes, measuring methods, setting of control index etc (5, (20) (21) (22) . Three reasons were considered to cause lower facial asymmetry in individuals with UCLP (9): 1) true skeletal mandibular asymmetry, 2) positional adaptation of the lower jaw to asymmetric mandibular fossae (cranial base), and 3) functional adaptation to dentoalveolar and occlusal disharmonies. Previous studies (5,9) using posteroanterior cephalograms indicated that the asymmetry of the mandible was adapted to that of the maxilla. Kim's study (22) used CBCT to show that the positional and morphological asymmetries of the mandible and temporomandibular fossa were both responsible for the chin deviation in UCLP individuals. We analyzed our data using multiple linear regression in order to expound the underlying source of lower facial asymmetry in our UCLP group.
In our study, individuals of the UCLP group had chin deviation to the cleft side (1.24 ± 2.28 mm), which was close to the results reported by Son (1.59 mm) and Kim (1.94 mm) (20, 23) . Our results concluded that horizontal asymmetry of the mandible exhibited correlation with B6L(R) to Sagittal plane, CdL(R) to Sagittal plane, and U6L(R) to LS plane, suggesting that the functional reason was key. The CdL(R) to Sagittal plane may be a result of positional and morphological asymmetries of the temporomandibular fossa.
The intra-class correlation coefficient (ICC) was mostly greater than 0.9 in our study, making the results credible. Although the ICC of the JL to Sagittal plane was less than the rest points, its value was 0.779 and was accepted (24) . However, the JL is a virtual point and is often hard to locate accurately, and this may be considered as a limitation of this study. Other limitations include the cross-sectional study design and the fact that facial asymmetry was evaluated only in individuals at peak puberty. Prospective studies examining different phases of facial asymmetry and individuals in other growth phases are required.
1. Significant differences between the affected and the unaffected sides were seen only around the cleft and the nasal chamber, and not in the deeper regions of the maxillary complex.
2. UCLP individuals showed mild chin deviation to the cleft side. Functional adaption may have resulted in this chin deviation, and the temporal fossa may also have played a role.
